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CHAPTER I 
INTRODUCTION
Statement of Problem 
In the last two decades, continuing socio-economic growth has 
increased developmental pressure on mountain lands. To minimize the 
adverse impacts of future resource developments, many people have 
recognized the need for land-use planning. However, without su ff ic ien t  
resource information and a firm understanding of v i ta l  ecological 
processes, no sound land-use decisions are possible.
Throughout the Northern Rocky Mountains, where much of the land is 
rugged and inaccessible, there is a general lack of re lia b le  resource 
information. Over much of this region, current data on geology, 
vegetation, so ils , and other resource factors are not availab le.
Even in areas where information does e x is t, i t  was usually obtained 
through separate resource inventories. Individual resource inventories, 
performed by d iffe ren t people at various times, were usually mapped 
at d if fe re n t scales and levels of generalization to meet diverse ob­
jec tives . Compilation of these data fo r planning purposes is time 
consuming and u n rea lis tic . Agencies responsible fo r supplying resource 
information commonly c ite  in s u ff ic ie n t funding and manpower as primary 
causes of the information gap. To provide re lia b le  information for
1
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land-use planning» new methods of resource Inventory and organization 
are needed.
Purpose of Study
The purpose of this study was to develop a quick, e ffec tive  method 
of resource inventory and analysis for land-use planning In mountainous 
areas. Aerial photographs were used as the primary means of delineating  
landforms, vegetation types, crown coverage, and cultural features fo r  
an eighteen square mile study area. This biophysical and cultural In ­
formation was mapped at a common scale and placed within a land systems 
hierarchy to define I ts  usefulness fo r planning purposes. Information 
collected from photointerpretation, f ie ld  observation, and review of 
existing l i te ra tu re  was then synthesized Into an ecological description  
of the study area. This description Is arranged according to landform 
types.
Significance of Landform Types 
As permanent physical features, landforms provide a stable frame­
work In which to evaluate transitory biological and cultural resources. 
Landform types, which have a d e fin ite  range and composition of physical 
characteris tics, result from the Interaction of a particu lar set of 
geologic structures and natural processes through time. The dominant 
processes at work on each landform type are largely determined by the 
prevailing climate. Since s o ils , climax vegetation, and ground water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
characteristics are a l l  a function of natural landforming processes, 
landform type c lass ifica tion  sim plifies the organization of these and 
other in terre lated  factors.
Through analysis of vegetation, crown coverage, topography, 
drainage patterns, and other elements, aeria l photographs can be used 
to rapidly subdivide mountainous areas into homogeneous landform units.  
In conformance with background information and s c ie n t if ic  princip les, 
photointerpretation can be used to draw conclusions about the nature 
of surface-subsurface resource relationships fo r each landform type. 
These findings are la te r  verif ied  and expanded during f ie ld  studies. 
Through this process a wealth of ecological information can be assembled 
fo r  each landform un it. This information can be further analyzed to 
determine the intensity  and kinds of use each landform type could absorb 
without damaging v ita l  ecological functions. To minimize environmental 
deterioration , resource u t i l iz a t io n  of each landform type must be 
balanced to the physical constraints of the un it 's  natural resource 
base.
Selection of Study Area
To appraise this method of resource inventory, Brewster Creek, a 
mountainous drainage basin southeast of Missoula, was selected for the 
study (Fig. 1). The basin, which ranges in elevation from 3,840 to 
7,820 fe e t ,  drains a portion of the John Long Mountains and flows west
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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through deep canyons to  j o i n  Rock Creek. The study area supports a 
g rea t  d i v e r s i t y  o f  n a tu ra l  ecosystems, as we l l  as a v a r i e t y  o f  human 
land uses which inc lude  logg ing ,  m in ing ,  r e c re a t io n ,  and second home 
development. Since much o f  Brewster Creek l i e s  w i t h i n  s teep, rugged 
t e r r a i n ,  the area i s  i d e a l l y  su i ted  f o r  a e r i a l  photographic  i n t e r ­
p re ta t io n .  An e x i s t i n g  road through the study area provides good access 
f o r  f i e l d  checking data.
As p a r t  o f  the Rock Creek d ra inage,  t h i s  area has a t ta in e d  Blue 
Ribbon s ta tus  f o r  i t s  p roduc t ive  f i s h in g  and unique scenic  q u a l i t i e s .
More r e c e n t l y ,  cons iderab le  p u b l ic  con troversy  has been generated over 
the e f f e c t s  o f  Forest  Serv ice land management p rac t ices  on water q u a l i t y .  
Fu r the r  a t t e n t i o n  w i l l  undoubtedly be focused on t h i s  area in  the fu tu re  
when the Forest  Serv ice completes i t s  land-use plans f o r  Rock Creek.
I t  i s  hoped th a t  t h i s  resource a n a lys is  o f  Brewster Creek w i l l  c o n t r ib u te  
to  a b e t t e r  understanding o f  land-use problems th a t  occur here and 
elsewhere in  the Rock Creek drainage.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
METHODOLOGY AND PROCEDURES
The Land Systems Hierarchy 
Due to the broad spectrum of land-use planning objectives, i t  
is essential to organize resource data according to its  mapping scale 
and overall accuracy. One method of doing this is to use a hierarchical 
class ifica tion  system. Although there is no universally accepted land 
hierarchy, a seven level system was developed by Wertz and Arnold 
(1972) for use in the intermountain region of the U.S. Forest Service 
(Table 1). This hierarchical system recognizes levels of land-based 
units ranging from broad areas such as the physiographic province to 
the smallest unit which is the s ite .  Delineation of the three upper 
hierarchy levels is based on variations in geologic structure, lithology,  
and climate. These variations produce observable differences in land­
forms and r e l ie f  through geologic time. In classifying land at the 
four lower levels, soil properties and ecological relationships become 
increasingly more important.
The assemblage of resource data at each hierarchical level 
corresponds to a particu lar planning application. The most detailed  
data are obtained at the s i te ,  or lowest level of the hierarchy. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 1. The Hierarchical System of  Land C lass i f ica t io n
Level Name Size Range P r in c ip a l  A p p l i c a t io n
V I I Physiographic
Province
1 ,000s o f  
sq. miles
Nationwide o r  broad 
reg iona l  data summary.
VI Section 100-1,000s 
o f  sq. m i .
Broad reg iona l  summary.
Basic ge o lo g ic ,  c l i m a t i c ,  
veg e ta t ive  data f o r  design o f  
in d iv id u a l  resource i n v e n to r ie s .
V Subsection 10-100s o f  
sq. m i les
S t ra te g ic  management 
d i r e c t i o n .  Broad area p lann ing .
IV Landtype
Assoc ia t ion
1-lOs o f  sq. 
mi 1 es
Summary o f  resource i n ­
fo rm at ion  and resource 
a l l o c a t i o n .
I I I Landtype 1/10-1 sq. 
m i le
Comprehensive p lann ing ,  
resource p lans ,  development 
s tandards, lo ca l  zoning.
I I Landtype
Phase
1/100-1/10 
sq. m i le
P ro je c t  development 
p lans.
I Si te Acres or 
less
Provides p rec ise  understanding 
o f  ecosystems. Sampling to  
d e f ine  broader u n i t s ,  f o r  
research,  and f o r  d e ta i le d  
o n - s i t e  development p ro je c ts .
Source; U.S. Department o f  A g r i c u l t u r e ,  Forest  S e rv ice ,
Land Systems In v e n to ry , by W i l l ia m  A. Wertz and John F. A rno ld ,  
(Ogden, Utah: 1972),  p. 9.
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s ize  o f  a s i t e  may be less than one acre.  S i te  leve l  data are too 
d e ta i le d  f o r  broader scale  p lann ing purposes, and would r e s u l t  in  
p r o h i b i t i v e  cos ts .  As one moves from the s i t e  to  h ighe r  le v e ls  in  the 
h ie ra rc h y ,  data become p ro g re ss iv e ly  genera l ized  and less d e ta i le d .
This reduces expenses and enables p lanners to  analyze s iza b le  areas 
more q u ic k ly  and e f f e c t i v e l y .  G ene ra l ly ,  the resource in fo rm a t io n  p re ­
sented in  t h i s  study i s  assembled i n t o  landform type d e s c r ip t io n s  f o r  
use a t  the landtype and landtype phase le v e ls .  These le v e ls ,  commonly 
mapped a t  scales o f  one and two inches per m i le  r e s p e c t i v e ly ,  are f r e ­
quen t ly  used by county and d i s t r i c t  Forest  Serv ice planners f o r  zoning 
and resource a l l o c a t i o n .
The d e l in e a t io n  o f  h ie r a r c h ic a l  u n i ts  f o r  the Brewster Creek study 
area has been p a r t i a l l y  completed (F ig .  2 ) .  The Northern Rocky Mountain 
Physiographic  Province boundary was i d e n t i f i e d  by Hunt ( 1 9 6 7 ) \
p
Sect ions were taken from P f i s t e r  and C o r l i s s  (1973) . A recent  a r t i c l e
3
by Hyndman, Ta lbot  and Chase (1975) concern ing the unique geo log ic  
o r i g i n  o f  the "Sapphire Tecton ic  Block" has prompted t h i s  study to  g ive  
t h i s  b lock subsect ional  s ta tu s .  S t ru c tu ra l  com p lex i t ies  and the lack 
o f  s u f f i c i e n t  geo log ic  data make f u r t h e r  su b d iv is io n  o f  the Sapphire 
Block im p ra c t ica l  a t  t h i s  t ime.
With the p e r fe c t io n  o f  rap id  resource inven to ry  methods, complete 
h ie r a r c h i c a l  c l a s s i f i c a t i o n  above the s i t e  leve l  could  be a t ta in e d  f o r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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la rge  areas in  a sh o r t  per iod o f  t ime. This would enable planners 
to  subd iv ide  or aggregate mapping u n i ts  so t h a t  resource data could be 
p ro p e r ly  matched w i th  the needs o f  a p a r t i c u l a r  p lann ing p r o je c t .
The Role o f  A e r ia l  Photographs in  Resource Inventory  
Because a e r i a l  photographs prov ide  a d e ta i le d  permanent record 
o f  the t o t a l i t y  o f  t e r r a i n  fe a tu res  in  a g iven area, they are a va luab le  
research too l  f o r  conduct ing in te g ra te d  resource in v e n to r ie s .  Lueder 
(1959) s ta te d ,
" t h a t  w i th  the a p p l i c a t io n  o f  proper photo- 
i n t e r p r e t i v e  methods, in c lu d in g  the 
usual s e le c t i v e  f i e l d  check, the t e r r a i n  
mapping o f  any apprec iab le  area (g re a te r  
than 500 acres)  can be accomplished more 
dependably and w i th  less expense than w i th  
any o the r  method o f  producing equ iva le n t  
i n fo rm a t io n .
Since the amount o f  resource in fo rm a t ion  th a t  can be in te rp re te d  
from an a e r ia l  photograph depends la r g e ly  on i t s  type and q u a l i t y ,  
severa l  fa c to rs  must be considered before  photographs are obta ined.
A wide v a r ie t y  o f  a e r ia l  photographs can be produced depending on the 
angle  a t  which the p ic tu re  was taken, the lens and camera type used, 
and the f i l m - f i l t e r  combinat ion employed. No m a tte r  what types o f  
imagery are se lec ted ,  they must be o f  the h ighes t  q u a l i t y ,  as i n f e r i o r  
photographs severe ly  l i m i t  the in fo rm a t io n  th a t  can be der ived from 
them.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The most common a e r i a l  photographs are those taken w i th  a 
v e r t i c a l  o r  n e a r - v e r t i c a l  o r i e n t a t i o n  to  the e a r t h ' s  sur face (F ig .  3 ) .  
Since v e r t i c a l  photographs present a r e l a t i v e l y  u n d is to r te d  view and 
may be s tud ied  s te re o s c o p ic a l l y  to  produce a th re e -  dimensional image, 
they are the best type o f  photography f o r  resource inve n to ry  and t e r r a i n  
mapping. Conventional v e r t i c a l  a e r i a l  photographs are pe rspec t ive  
views in  which images are d isp laced  r a d i a l l y  from the cen te r  o f  the 
photograph. In areas o f  h igh r e l i e f ,  topographic  displacement causes 
problems when photo d e l in e a t io n s  are t ra n s fe r re d  to  a p la n im e t r i c  
base map. These problems can be e l im in a ted  i f  orthophotographs are used 
as the photo base. Orthophotographs, which in  themselves are a de­
pendable p la n im e t r i c  map, are created by a p r i n t i n g  process which 
c o r re c ts  topographic  d isp lacements.  A t  p resen t ,  the a v a i l a b i l i t y  o f  
or thophotography i s  l im i t e d .
Oblique a e r ia l  photographs are taken w i th  the camera held a t  
var ious  angles between the hor izon and the ground (F ig .  4 ) .  Although 
a s in g le  ob l ique  photograph may cover la rge  areas o f  the e a r th 's  s u r fa c e ,  
sca le  v a r ia t i o n s  are in t roduced which make i t  d i f f i c u l t  to  use f o r  
t e r r a i n  mapping. In a d d i t i o n ,  ob l iques  are not  w e l l  su i te d  f o r  i n ­
ven to ry  o f  mountainous areas since the f a r  s ides o f  peaks and r idges 
are  obscured.
Depending on the area to  be photographed, the weather c o n d i t io n s ,  
and the t e r r a i n  fe a tu res  being emphasized, f i l m - f i l t e r  combinations can
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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be chosen to provide the desired image contrasts. Panchromatic 
emulsions, capable of sensing the en tire  v is ib le  spectrum, are used 
fo r most aeria l photography. These f ilm s, normally used with a minus- 
blue f i l t e r  to penetrate haze, produce fam ilia r  black and white images 
which are used to make a wide variety of resource interpretations. 
Infrared emulsions, sensitive to v is ib le  and longer than v is ib le  wave­
lengths, are also used in aeria l photography. These film s accentuate 
differences between certain vegetative, s o i l ,  and hydrologie conditions
that are not highly contrasted in the v is ib le  range.
Visible and infrared portions of the electromagnetic spectrum 
may also be photographed using normal color and color-infrared f i lm .  
Although normal color and false color photographs contain information 
which can not be readily  identif ied  with black and white coverage, 
they are more expensive and more d i f f i c u l t  to produce.
For the purpose of integrated resource inventory, where information
on a wide range of land characteristics is being sought, a combination 
of black and white, normal color, and color infrared photography would 
undoubtedly be best.
Scale is an important consideration when selecting aeria l photo­
graphs. The scale on an aeria l photograph is usually expressed as the 
ra t io  of one unit on the photograph to an equivalent number of units on 
the ground. Since aeria l photographs can be obtained at a broad range
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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o f  sca les ,  they are h ig h ly  compat ib le  w i th  a land systems h ie ra rc h y .
As one goes to  la r g e r  sca les ,  the accuracy o f  resource i n t e r p r e ta t i o n s  
should increase p r o p o r t i o n a l l y .  Tests have shown t h a t  the minimum 
ground o b je c t  s ize  th a t  can o r d i n a r i l y  be seen on a e r ia l  photographs 
i s  re la te d  to  sca le  (Table 2 ) . ^
Table 2. The E f f e c t  o f  Scale on the Recogni t ion o f  Ground Objects
Minimum V i s ib le  Object  Size ( f t . ) Scale o f  Photography
1 1 ; 6,000
2 1 :12,000
3 1 : 20,000
7 1 : 40,000
10 1 : 60,000
Since the cos t  o f  a e r i a l  photographic coverage increases w i th  
sca le ,  one should s e le c t  the sm a l les t  scales a v a i la b le  which prov ide 
the necessary leve l  o f  ground re s o lu t io n .  There i s  a lso  an optimum 
sca le  in  terms o f  p r i n t  hand l ing .  Handling too many la rge  sca le  p r i n t s  
wastes t ime and can be f r u s t r a t i n g  because a sense o f  land c o n t i n u i t y  
is  d i f f i c u l t  to achieve.
The season, t ime o f  day, and weather cond i t io n s  when a e r ia l  
photographs are taken g r e a t l y  a f f e c t s  t h e i r  value f o r  resource i n t e r ­
p re ta t io n .  Photographs taken in  sp r ing  a few days a f t e r  a heavy r a in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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are best f o r  s o i l  and hydro log ie  i n t e r p r e t a t i o n .  Midsummer, when 
f o l i a g e  i s  in  f u l l  l e a f ,  i s  a good t ime f o r  vege ta t ion  a n a lys is .  In 
some areas, such as the deciduous f o r e s t ,  more in fo rm a t io n  may be 
obta ined in  f a l l  when the leaves are changing c o lo rs .  Since there  are 
many o the r  fa c to r s  a f f e c t i n g  a e r i a l  photographs and t h e i r  i n t e r p r e t a t i o n  
which have not been d iscussed, the in te re s te d  reader i s  re fe r re d  to  
a d d i t i o n a l  re ferences c i t e d  in  the b ib l io g ra p h y .
Brewster Creek Resource Inven to ry  Procedure 
The methodology used in  t h i s  study began w i th  a w r i t t e n  statement 
o f  o b je c t iv e s  designed to  guide the p r o je c t  to i t s  proposed conc lus ion .  
The f i n a l  sca le  o f  resource maps was se t  a t  one and one h a l f  inches 
per m i le  f o r  use a t  the  landtype and landtype phase le v e ls .  Base maps, 
prepared from a f i f t e e n  minute Ravenna quadrangle sheet ,  were enlarged 
to  a work ing scale o f  two inches per m i le  (1 :31 ,680 ) .
To gather e x i s t i n g  resource in fo rm a t io n  f o r  the s tudy,  var ious  
p u b l i c  agencies and the l i t e r a t u r e  were consu l ted .  Reports and maps 
co n ta in in g  ground d e t a i l  f o r  the area were reviewed, and p re l im in a ry  
resource data were assembled and p lo t t e d  on working sca le  maps f o r  
f u tu r e  re fe rence .  Through ana lys is  o f  these da ta ,  upper le v e ls  o f  the 
land systems h ie ra rch y  were def ined and a genera l ized understanding o f  
impor tan t  geomorphic processes and reg iona l  physiography was reached.
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Background in fo rm a t io n  on c l im a te  and geo log ic  h i s t o r y  o f  the study 
area was summarized f o r  in c lu s io n  w i th  resource d e s c r ip t io n s .
A f t e r  e x i s t i n g  data were c o l le c te d ,  the a v a i l a b i l i t y  o f  a e r i a l  
photographic  coverage was in v e s t ig a te d .  A complete se t  o f  b lack and 
w h i te  v e r t i c a l  photographs (1 :63,360) was purchased as the pr imary i n ­
fo rm a t ion  source. Natura l  c o lo r  (1 :1 2 ,0 0 0 ) ,  c o lo r  i n f r a r e d  (1 :125 ,000 ) ,  
and o b l ique  a e r ia l  photographs were used as supplementary sources to  
increase the  accuracy o f  resource i n t e r p r e t a t i o n s .
The p h o to in te r p re t i v e  process began w i th  an a n a lys is  o f  the la rge  
sca le  reg iona l  view from a photomosaic o f  b lack and w h i te  p r i n t s .
Next, a one day f i e l d  t r i p  was conducted to  gain f a m i l i a r i t y  w i th  the 
study area. Stereo p a i r s  were observed in  the f i e l d  to  determine the 
r e la t i o n s h ip  between photo images and ground c o n d i t io n s .
To prepare inve n to ry  maps, i n d iv id u a l  resource fa c to rs  were i n ­
te n s iv e ly  s tud ied  on s tereo p a i r s .  Landforms, vege ta t ion  types,  crown 
coverage, and c u l t u r a l  fe a tu res  were recognized as separate elements o f  
a n a ly s is .  E x is t in g  in fo rm a t io n  and fa c to rs  o f  i d e n t i f i c a t i o n  such as 
s i z e ,  shape, tone, t e x tu re ,  p a t te rn ,  and a ssoc ia t io n  were used to  
prepare a d e ta i le d  ove r lay  f o r  each resource component. Un i ts  were 
de l in e a te d  upon c le a r  ace ta te  sheets over a s in g le  b lack and w h i te  
a e r i a l  photograph which was enlarged to  working sca le .  The lo c a t io n s  
o f  areas causing i d e n t i f i c a t i o n  problems were marked f o r  subsequent 
f i e l d  e v a lu a t io n .
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As p a r t  o f  the p h o to in te r p re t i v e  process, the e co lo g ica l  s i g ­
n i f i c a n c e  o f  t e r r a i n  fea tu res  was c o n s ta n t l y  being appra ised. Hy­
potheses were formed to  e xp la in  the type and d i s t r i b u t i o n  o f  land­
scape components seen on the photographs. These hypotheses were 
s t rengthened,  a l t e r e d ,  or  abandoned as the resource in ve n to ry  proceeded.
Fo l low ing p h o t o in te r p r e ta t i o n ,  f i e l d  data were c o l le c te d  to  
eva lua te  and v e r i f y  the accuracy o f  resource ove r lays .  F ie ld  t r i p s  
were planned from a e r ia l  photographs to  make the most e f f i c i e n t  use o f  
t ime and energy. A l l  landform types and problem areas were v i s i t e d  in  
the f i e l d .  Many areas not t rave rsed  were scanned from a d is tance  w i th  
b in o cu la rs .  A w r i t t e n  record o f  f i e l d  observat ions on landform ecology 
was kept f o r  f u tu re  re fe rence .  Road cuts were examined to  prov ide  i n ­
fo rm a t ion  on subsurface c o n d i t io n s ,  and p la n t  and rock samples were 
c o l le c te d  f o r  p o s i t i v e  i d e n t i f i c a t i o n .  F ie ld  notes were l a t e r  used 
d u r ing  the p repa ra t ion  o f  resource d e s c r ip t io n s .
With f i e l d  work completed, rev ised  resource d e l in e a t io n s  were 
t r a n s fe r re d  from photo over lays  to  p la n im e t r i c  base maps. This was 
accomplished on a l i g h t  tab le  f o r  small p o r t ions  o f  the drainage basin 
a t  a t ime. Topographic d i s t o r t i o n  o f  ove r lay  u n i ts  was reduced by 
c o r r e l a t i n g  the p o s i t i o n  o f  na tu ra l  boundaries such as stream channels ,  
r id g e s ,  and peaks.
F i n a l l y ,  a l l  resource in ve n to ry  data were synthesized in to  the
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e c o lo g ic a l  d e s c r ip t io n  o f  landform types.  These d e s c r i p t io n s ,  toge the r  
w i t h  resource maps, were compiled as a usefu l  in fo rm a t io n  source f o r  
land-use p lann ing purposes.
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CHAPTER I I I  
RESOURCE DESCRIPTIONS
I n t ro d u c t io n
As p a r t  o f  the Brewster Creek in ve n to ry  procedure, fragments 
o f  in fo rm a t io n  were c o l le c te d  on a v a r i e t y  o f  resource elements.
In  na tu re ,  however, these elements are i n t e r r e l a t e d ,  s ince v i t a l  
eco lo g ica l  fu n c t io n s  are accomplished through complex resource i n t e r ­
a c t io n s .  To m a in ta in  v i t a l  f u n c t io n s ,  land-use p lann ing must cons ider  
the  combined e f f e c t s  o f  a l l  resource f a c t o r s ;  t h e re fo re ,  separate 
resource d e s c r ip t io n s  are o f  l i t t l e  va lue .
In t h i s  s tudy ,  landform u n i t s  p rov ide  a simple basis  f o r  the 
re o rg a n iz a t io n  o f  complex resource in fo rm a t io n .  A l l  b iophys ica l  and 
c u l t u r a l  data have been in te g ra te d  i n t o  e co lo g ica l  landform type 
d e s c r ip t io n s .  To help the reader understand the geomorphic e v o lu t io n  
o f  var ious t e r r a i n  fe a tu re s ,  background in fo rm a t io n  on geology and 
c l im a te  o f  the study area w i l l  be presented prev ious t o  landform type 
d e s c r ip t io n s .
Background In fo rm a t ion
Geologic H is to ry
The bedrocks o f  the  Brewster Creek drainage and most o f  the
21
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surrounding area are Precambrian members o f  the B e l t  Super Group.
These rocks formed more than 600 m i l l i o n  years ago when laye rs  o f  
sand, s i l t ,  and mud were deposited in  a l l u v i a l  environments, such as 
stream beds, f l o o d p la in s ,  m u d f la ts ,  and d e l ta s .  This i s  evidenced by 
the r i p p le  marks, c ross-bedd ing,  and mudcracks th a t  can r e a d i l y  be 
found in  the s t r a t a .  For the next 500 m i l l i o n  years these sedimentary 
laye rs  were deeply bur ied under more sediments from shal low seas which 
covered the area p e r i o d i c a l l y .  During t h i s  b u r ia l  the sediments were 
sub jected to  tremendous heat and pressure and changed i n t o  hard,  w e l l -  
conso l ida ted  q u a r t z i t e s ,  a r g i l l i t e s ,  and o the r  metasedinentary rocks.^  
About 100 m i l l i o n  years ago, the area experienced a per iod o f  
mountain b u i l d in g .  The Idaho B a th o l i t h ,  a la rge mass o f  molten rock ,  
rose under the co n t in e n ta l  c ru s t  and broke up the vast th ickness o f  
metasedimentary rocks in to  la rge  b locks.  Consequent to  the r i s e  o f  the 
B a t h o l i t h ' s  B i t t e r r o o t  dome, a 100 km by 75 km block was detached and 
s l i d  approx imate ly  25 km to  the eas t .  The Sapphire and John Long 
Mountains are e s s e n t i a l l y  e ros iona l  remnants o f  t h i s  g r a v i t y  s l i d e  
b lo ck .  The complex geology w i t h in  the Rock Creek drainage can be t raced 
to  f a u l t i n g ,  igneous in t r u s i o n ,  and volcanism associated w i th  the 
b lo c k 's  emplacement. Subsequent m in e ra l i z a t io n  o f  the Brewster Creek 
drainage occurred when f a u l t  zones were penetrated by hydrothermal 
a c t i v i t y . ^
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
W ith in  t h i s  s t r u c tu r a l  s e t t i n g  fo rces  o f  e ros ion  and d e p o s i t io n  
have produced the e x i s t i n g  landforms o f  the study area. Running water  
has cu t  m agn i f icen t  V-shaped canyons and has deposited f i l l  in  the 
v a l l e y  bottoms. This f i l l  has been reworked by streams producing 
bottomland fea tu res  such as te r races  and a l l u v i a l  fans.  Fol lowing bed­
rock d is s e c t io n ,  steep canyon w a l ls  were exposed to  chemical and 
mechanical weather ing.  Talus slopes and cones accumulated beneath o u t ­
c rops, as f requen t  f reeze- thaw cyc les caused b lock d i s i n t e g r a t i o n  o f  
exposed bedrock. F ros t  churning gave r idges a broad convex shape, and 
s o i l  creep g ra d u a l ly  subdued topography in  the g e n t ly  r o l l i n g  hinh 
c o u n t r y .
About th ree m i l l i o n  years ago per iods o f  g la c ia t i o n  began which had 
on ly  a minor e f f e c t  in  the Brewster Creek d ra inage;  however, g l a c ia l  
scour ing occurred on north  aspects o f  most neaks above 7,500 fe e t  in  
ad jacent  dra inages. The Anaconda Range, w i th  many peaks above 10,000 
f e e t ,  was e x te n s iv e ly  a l te re d  by g la c ia l  a c t i v i t y .  Morra ina l  depos i ts  
show t h a t  the Middle Fork o f  Rock Creek supported a g la c ie r  t h a t  was
O
twenty m i les long a t  the he igh t  o f  i t s  advancement.
Near the Montana-Idaho bo rde r ,  a la rge  g la c ie r  from Canada dammed 
the C lark Fork R ive r ,  forming G lac ia l  Lake Missoula .  This la ke ,  which 
f l u c tu a te d  in  depth f r e q u e n t l y ,  f looded most o f  the upper Clark Fork 
dra inage.  I t s  waters extended in to  the lower p a r t  o f  the study area to  
a maximum e le v a t io n  o f  4,350 f e e t . ^  Al though l i t t l e  evidence e x i s t s .
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d e l ta s  were no doubt formed where streams entered the lake .  Con­
s id e r in g  the ex tens ive  g la c ia t i o n  o f  the Anaconda Range, Rock Creek 
must have c a r r ie d  cons ide rab le  amounts o f  sediment i n t o  the lake dur ing  
the  P le is tocene  epoch.
Nearly  7,000 years ago, the study area was blanketed w i th  ash f a l l  
due to  volcanism in  the Cascade Range. Although t h i s  ash la ye r  was 
complete ly  removed from most a reas,  ash mantles s t i l l  form an im por tan t  
s o i l  component on r idge tops  and o th e r  p ro tec ted  s i t e s . ^
Climate
Climate has tremendous in f lu e n ce  on the  b iophys ica l  and c u l t u r a l  
resources o f  the study area. Past c l im a tes  have c o n t r o l l e d  landforming 
processes, and the present c l im a te  a f f e c t s  the d i s t r i b u t i o n  o f  ve g e ta t io n ,  
w i l d l i f e ,  and many o th e r  resource f a c t o r s .  In d iscuss ing  mountain c l im a te s ,  
i t  i s  b e n e f ic ia l  to  recognize two c l im a t i c  l e v e l s ,  zonal and lo c a l .
Zonal c l im a tes  occur as broad reg iona l  pa t te rns  which are u s u a l ly  de­
termined by l a t i t u d e ,  p r e v a i l i n g  winds, and the lo c a t io n  o f  oceans and 
la rg e  mountain ranges. Local c l im a te  accounts f o r  m o d i f i c a t io n  o f  zonal 
pa t te rn s  caused by topograph ic  in f lue n ces  such as aspect and e le v a t io n .
In mountainous areas such as the Brewster Creek d ra inage ,  lo ca l  i n ­
f luences produce la rg e  c l im a t i c  v a r ia t i o n s  w i t h in  a sho r t  d is tance .
Under the K'dppen system o f  c l im a te  c l a s s i f i c a t i o n ,  the study area 
is  def ined  as a cool snow-fo res t  c l im a te  type which i s  w in te r  d ry  (Dw).
Lower e leva t ion s  are f u r t h e r  descr ibed as having warm summers (Dwb),
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while upper elevations experience cool summers (Dwc).^
Since there are no permanent weather stations located in the
Rock Creek drainage, an estimate o f c lim atic conditions fo r Brewster
Creek was prepared from other sources (F ig , 5 ). Average annual
p rec ip ita tio n  was determined from the Soil Conservation Service map.^
Average annual temperature and monthly p rec ip ita tion  d is trib u tio n  were
calculated by adjusting U.S. Weather Bureau data from Missoula,
8 9Stevensville ,  Drummond, and Phillipsburg. *
The 4,000 foot elevation rise between the lowest and highest points 
in the Brewster Creek drainage produces a wide range of clim ates. The 
lowest e levation , 3,844 fe e t, is estimated to have an annual average 
temperature and prec ip ita tion  of 42.4 degrees F. and 18 inches respectively; 
while at the highest e levation, 7,820 fe e t , these figures are estimated 
to be 29,2 degrees F. and 32 inches. Precip ita tion  data establish th is  
area to be much d rie r  than many other mountain ranges west of the con­
tinenta l d ivide. This occurs because higher mountain ranges to the south 
and west capture much o f the incoming moisture before i t  reaches the
9
These four stations l ie  in opposing directions w ithin a th ir ty  
mile radius o f the study area. Average data from these stations were 
used to compensate fo r regional east-west temperature and moisture 
gradients. The mean elevation o f these four stations, 4,040 fe e t , was 
nearly equivalent to the lowest elevation in the Brewster Creek 
drainage, 3,844 fe e t . To determine average temperatures fo r higher 
elevations in the drainage, base temperatures were reduced 3.3 degrees F. 
fo r each 1,000 fee t elevation r is e .
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F IG U R E  5
ESTIMATED AVERAGE ANNUAL TEMPERATURE 
AND PRECIPITATION FOR THE BREWSTER 
CREEK DRAINAGE BASIN, MONTANA
0 N D
VAFUAnON IN CLIMATIC PARAMETERS BETWEEN THE 
HIGHEST AND LOWEST ELEVATION IN DRAINAGE
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John Long Mountains. Except fo r the wet months o f May and June, pre­
c ip ita tio n  is sparce but evenly d is tribu ted . Scant ra in fa ll  and long 
hot days during July and August can cause periods o f severe moisture 
stress fo r vegetation, p a rtic u la rly  on south-facing slopes. From 
November through March, most p rec ip ita tion  arrives as snow, especially  
at higher elevations. Snow accumulates during w inter months except 
when warm Chinook winds cause b r ie f periods o f melting. According to 
hydrologie studies, approximately 28 percent o f annual p rec ip ita tion  
enters streams as surface r u n o f f . P e a k  runoff usually occurs in 
May or early  June. Heavy rains a t th is time greatly increase the 
th reat of flooding.
Resource Maps
A ir photo in terpreta tion  was used as the primary means of delineating  
biophysical and cu ltural units fo r the Brewster Creek drainage. These 
units are displayed on resource maps which portray landforms, vegetation 
types, crown coverage, and cu ltural features (Figs, 6 -9 ). A topo­
graphic map is  included as a supplementary information source (F ig . 10). 
Since land-use planning must consider the combined effects o f a ll  re­
source factors , mapped information was integrated into the ecological 
description o f landform units.
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Landform Type D escr ip t ions  
In t ro d u c t io n
Throughout t h i s  s e c t io n ,  landform u n i t s  w i l l  be discussed in  
o rde r  o f  inc reas ing  e le v a t io n  (F ig .  11). When reading these des­
c r i p t i o n s ,  one should r e fe r  to  maps and photographs contained in  the 
s tudy a t  f requen t  i n t e r v a l s .  Each u n i t  d e s c r ip t io n  w i l l  p o in t  out  
c h a r a c t e r i s t i c  landform fea tu res  which were produced by the i n t e r ­
a c t io n  o f  geo log ic  s t ru c tu re s  and na tu ra l  processes. These fe a tu re s ,  
as seen on a e r ia l  photographs, were used to  d e l in e a te  landform 
boundar ies.  Through app l ied  photogeomorphology, t e r r a i n  fea tu res  such 
as topography, d ra inage,  and vege ta t ion  p a t te rns  were in te rp re te d  to 
p rov ide  in fo rm a t ion  on s o i l s ,  ground water ,  slope s t a b i l i t y ,  and o the r  
r e la te d  f a c to r s .
A l l u v i a l  Bottomlands 
A l l u v i a l  Bottomlands, which comprise two percent o f  the study area,  
were formed by the d e p o s i t io n  o f  stream sediments in  the lower p o r t io n s  
o f  the Brewster Creek drainage. These sediments c o n s is t  o f  rounded 
and subangular rock fragments which range from boulder  to  f i n e  sand 
g ra in  s iz e .  In the v i c i n i t y  o f  H ig h l in e  Gulch, a road cu t  exposes w e l l -  
sor ted  a l lu v iu m  o f  cons iderab le  depth . During spr ing  r u n o f f ,  ground 
water  s a tu ra t io n  o f  these homogeneous sand and grave l  depos i ts  makes 
them unstab le  and su b jec t  to  e ros ion .
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Figure 11. Generalized Cross Section of the Brewster Creek
Drainage Showing the Relationships between Topography, 
Elevation, and Landform Types.
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As Brewster Creek's major aq u ife r, the A llu v ia l Bottomlands 
receive, transm it, and store large quantities o f ground water. This 
aquifer provides residents with a dependable source of well water fo r  
domestic use. Since steep canyon walls are incapable o f holding much 
water, a large percentage of incoming moisture is shed to adjacent 
bottomlands. Springs emerge wherever subsurface flow is concentrated 
by low order drainages or talus slopes.
The bottomland climate is strongly influenced by local topography. 
Steep canyon walls shelter bottomlands from gusty winds and reduce 
periods of d irec t exposure to sunlight. This shading is p a rtic u la rly  
noticeable during winter months when insolation arrives a t lower angles. 
Another topographic influence of importance is the drainage of cold a ir  
from high elevations. The net resu lt of these factors is  a modified 
bottomland climate that is cooler and wetter than expected.
Cultural development of the A llu v ia l Bottomlands can be traced 
back to the mining boom of 1895. Rumors of gold in upper Brewster 
Creek brought 2,000 people to the study area. Most people lived in the 
town of Quigley which was located at the mouth of Brewster Creek. As 
mines were developed, ra ilroad  beds and a stamp m ill were constructed. 
Vast portions of the bottomlands were affected by rampant placer 
operations. Shortly th e re a fte r, i t  was found that the mines contained 
l i t t l e  gold and Quigley was deserted. Most of the buildings were sold 
fo r lumber. The only cu ltura l remnants presently found in the study
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area are port ions of  the ra i l road grade, foundations of  the stamp m i l l ,  
and an assortment of mine shafts and abondoned b u i l d i n g s . W i t h o u t  
adequate protection, vandals w i l l  surely destroy everything worthy of 
preservation, and these h is to r ica l  features w i l l  be los t  to future 
generations.
In recent years, recreation has become the dominant land use 
a f fec t ing  the A l luv ia l  Bottomlands. Large numbers of v is i to rs  travel 
the Brewster Creek road to f i s h ,  hike, hunt, and sight-see. Second 
home development is confined to the lower mile of the drainage. A 
to ta l  o f  th i r teen dwellings are tucked into a twenty acre parcel of 
pr ivate land. This land is  part o f  an or ig inal homestead which was 
la te r  subdivided to meet the demand fo r  recreational homesites .
Topography of  the study area made the A l luv ia l  Bottomlands easy 
to delineate on aerial photographs. When viewed in stereo, the abrupt 
slope change between gently sloping bottomlands and steep Canyon Side 
Slopes forms a sharp boundary. The A l luv ia l  Bottomlands category was 
subdivided in to Wet and Dry types on the basis of vegetation. Vegetation 
differences can be distinguished on aerial photographs through gray 
tone analysis. Wet lands, which support phreatophyte vegetation, are 
a l ig h te r  shade of  gray than dry areas, which support coniferous 
fo re s ts .
Wet Bottomlands. Wet Bottomlands l i e  wi thin the 100 year f lood- 
pla in  and often support a perennial ly high water table. Deep poorly-drained
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so ils  encourage the growth of dense phreatophyte vegetation such as 
black cottonwood, w illow , a lder, b irch, and red oiser dogwood. These 
shrubs provide abundant browse and cover fo r deer, e lk , and moose.
Plant d iv e rs ity  and availab le water make th is landform essential 
habita t fo r a large number of non-game species as w e ll. Beaver popu­
lations have b u ilt  dams which remove stream sediment, moderate down­
stream flooding, and improve fish hab ita t.
Dry Bottomlands. The Dry Bottomlands l ie  outside the 100 year 
floodplain  and contain deep, well-drained loam so ils . These soils  
sustain productive stands of ponderosa pine and Douglas-fir with 
snowberry and ninebark undergrowth. Stream terraces and a llu v ia l fans 
were recognized as two d is tin c t landform types in th is  category. Stream 
terraces are f la t  features deposited by Brewster Creek in the lower mile 
and one h a lf of its  drainage. A llu v ia l fans are convex features which 
spread out where large side drainages change gradient and enter the 
bottomlands. Both of these landforms have been u tiliz e d  as building sites  
fo r  recreational second homes.
Canyon Side Slopes 
Located between the bottomlands and the ridgetops. Canyon Side 
Slopes cover eighty-one percent of the study area. Created by the rapid 
downcutting action o f running water, th is landform displays the 
ch aracteris tic  cross sectional V-shape. Slopes range from 25 percent
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to v e r t ic a l.  Due to the varie ty  o f aspects and elevations over which 
th is  landform occurs, a d iv e rs ity  o f c lim atic  conditions and vegetation 
types are encountered.
Aerial photographs reveal s u ffic ie n t te rra in  feature variation  to 
subdivide the Canyon Side Slopes in to  Break!and and Uniform types. 
Breaklands, which are commonly adjacent to Bottomlands, are read ily  
id e n tifie d  by th e ir  steep slopes and rugged appearance. Bedrock 
escarpments and talus slopes are diagnostic Break!and features which 
are not found on Uniform Side Slopes.
Break!and Side Slopes. The Breaklands, which occupy nearly 
17 percent o f the study area, were oversteepened by recent stream 
downcutting. This landform is characterized by slopes which are a t or 
above the angle o f repose fo r mantle m ateria l. Chemical and physical 
weathering, the dominant erosional processes, lead to block separation 
o f bedrock escarpments. Coarse angular rock fragments fa l l  and s lide  
down slopes in excess o f 60 percent u n til they accumulate in talus  
cones which spread out upon the bottomlands. Talus accumulation is  so 
abundant in  many side gulches that i t  completely f i l l s  th e ir  bottoms, 
causing streams to flow underground. These subterranean streams produce 
extremely cold, clean water which is  essential to a healthy trout 
fish ery .
The establishment o f vegetation is  closely related to the s ta b il i ty  
of a specific  area. The most active slopes are unvegetated. As slopes
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begin to s ta b lize , pioneer species such as lichens, mosses, herbs, 
and grasses colonize the area. Shrubs and trees are confined to ledges 
and pockets which hold so il and have remained lo ca lly  stable fo r long 
periods of time.
The climate of th is landform is closely related to exposure. South 
facing slopes are among the hottest and d ries t sites in Brewster Creek, 
while north aspects are cool and moist. Precip itation  increases with 
elevation .
Uniform Side Slopes. The Uniform Side Slopes which comprise 
64 percent of the study area, are re c tilin e a r  features with c learly  
defined drainage patterns. Since upper and lower boundaries are 
gradational, generalization occurs during photographic delineation of 
th is  landform. The boundary between Breaklands and Uniform Side Slopes 
is placed where talus and outcrops are no longer found. The boundary 
between Uniform Side Slopes and ridgetops occurs where f i r s t  order 
drainages become indistinguishable. This point roughly corresponds to 
the 25 percent slope break.
The Uniform Side Slopes landform has developed on two contrasting  
bedrock types belonging to the Belt Super Group. The upper North Fork 
of Brewster Creek is composed of Wallace Limestone; whereas the re ­
mainder of the drainage is underlain by quartz ites , s i l t i t e s ,  and 
a r g i l l i te s  of the Missoula Group. Since s im ilar geomorphic processes 
have shaped both of these areas, te rra in  feature variation  between these
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areas has been s truc tura lly  controlled. Mineral composition and 
weathering characteristics of these two rock types have had considerable 
influence on residual soil properties and landform expression; therefore, 
each bedrock type is discussed separately.
Wallace Limestone. The Wallace Formation, often found in banded 
shades of tan and gray, is s tra tig raph ica lly  located beneath the 
Missoula Group. These rocks are impure forms of limestone and dolomite 
which commonly contain interbeds of quartzite and/or a r g i l l i te .
Limestone rocks weather chemically to produce soils which are fine  
textured and f e r t i l e  with good water holding capacity. Presence of 
soluble carbonates in the soil raises the pH and causes moisture ab­
sorption d i f f ic u l t ie s  for plants.
Uniform Side Slopes of the upper North Fork are found on a l l  aspects 
between 5,200 and 6,400 fee t. Soil creep, a slow form of mass wasting, 
is the dominant erosional process. Topographic r e l ie f  is moderate with 
slopes ranging from 20 to 60 percent. Drainage density is extremely low 
in th is area, and l i t t l e  overland flow would be expected where vegetation 
is undisturbed. Except fo r numerous clearcuts, this landform is densely 
forested with stands of Douglas-fir and lodgepole pine.
Missoula Group. Missoula Group rocks are thin to thick-bedded, 
maroon and/or gray-green quartz ites , a r g i l l i t e s ,  and s i l t i t e s  which are 
noncalcareous.l3 These very hard rocks produce shallow residual soils  
which are coarse texture and in fe r t i le .  Missoula Group side slopes.
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found on a l l  aspects between 4,000 and 7,600 fe e t ,  are steeper and 
more rugged than those of the Wallace Formation. Slopes range from 
35 to 90 percent. South and west aspects exhibit low drainage density 
because fro s t churning has increased soil permeability. North and east 
aspects, where fro s t action is less important, support high drainage 
densities.
Missoula Group side slopes are subject to local climate influences 
which produce favorable growing conditions for a variety of vegetation 
types. Southwest aspects between 4,800 and 6,800 fee t support natural 
grassland and park-like forests in response to the hot, dry climate. 
Other south-facing slopes are dominated by open stands of Douglas-fir, 
with ponderosa pine interspersed below 6,000 fee t. North aspects are 
heavily forested in Douglas-fir, with lodgepole pine frequently 
appearing above 5,000 fee t. The d istribution of subalpine f i r  is 
l im ited to cool-wet s ite s , which are found in north-facing pockets 
above 6,500 fee t.
Rounded Ridges
Rounded Ridges, which cover 15 percent of the study area, are 
located on drainage divides above 5,600 feet in elevation. When viewed 
on aeria l photographs, this landform has a smooth convex shape, in ­
dicating a lack of g lacial or nivational a c t iv i ty .  Slopes are defined 
to be less than ?5 percent with no v is ib le  drainage channels. Rounded
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Ridges are best developed on divides between major drainages such 
as Rock Creek and F l in t  Creek, and appear to be more frequently 
associated with limestone than Missoula Group rock types.
Frost action, the dominant physical weathering process, is most 
active on the windward side of high elevation ridgetops. Frost churning 
of the soil mantle has produced rounded topography and gentle slopes. 
Soils are normally deep, coarse textured, and high in rock fragments 
showing l i t t l e  p ro file  development. Ash mantles form an important soil 
component on north aspects and other protected areas.
The Rounded Ridge climate is characterized by seasonal extremes. 
Winter brings cold temperatures and heavy snow which persists at high 
elevations. Wind is an important factor during a l l  seasons. Prevailing  
westerly winter winds remove powder snow from exposed sites forming deep 
d r i f ts  along leeward slopes. These d r i f ts  are an important source of 
la te  summer water. During summer months, long hot days rapidly melt 
snow and ridges become very dry. These conditions cause periods of 
moisture stress for plants on south aspects, and allow the wind to remove 
soil fines from exposed s ites .
The d istribution  of ridgetop vegetation is related to variations in 
aspect, elevation and soil moisture content. Natural Fescue grassland 
and Douglas-fir savanna are predominantly encountered below 6,500 fee t.  
Above this elevation, ridgetops support dense stands of lodgepole pine 
with subalpine f i r  codominant on cool, moist s ites . Above 7,000 fe e t .
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where ridges are rocky and exposed, whitebark pine is a common forest  
component. Throughout the Brewster Creek drainage, the ridgetop environ­
ment is too cold for ponderosa pine and too dry for Englemann spruce.
Nivational Highlands 
The Nivational Highlands, which cover 2 percent of the study area, 
are confined to the summit and northwest slopes of Sliderock Mountain.
As seen on aeria l photographs, characteristic  nivational features include 
benched ridges and hollowed out side slopes. Since nivational landforms 
are only seen on peaks which rise above 7,500 fe e t,  they are commonly 
associated with timber!ine vegetation. Diagnostic features include low 
coverage values, avalanche shoots, expanses of barren rockland, and 
streaky or patterned vegetation.
Nivation, the dominant erosional process, results from strong frost  
action, mass-wasting, and the flow of melt waters from lingering snow­
d r i f ts .  Removal of soil fines by melt waters perpetuates a landscape 
dominated by coarse angular rock fragments. Although well developed 
glac ia l features are absent on Sliderock Mountain, cirques are found on
peaks of sim ilar elevation within ten miles to the south and west.
Therefore, i t  is probable that Pleistocene glaciation made a small con­
tr ib u tion  to the present shape of th is landform.
The highland climate, consisting of cold temperatures, heavy snows, 
and occasional high winds, persists frcxn September until June. Even 
during the short summer freezing temperatures and snowfalls can occur.
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Climatic extremes, dynamic physical processes, and shallow 
rocky soils  have lim ited the establishment of many plant species.
Small pockets of subalpine f i r ,  lodgepole pine, and whitebark pine 
are surrounded by barren strips of lichen covered rockland. Individual 
trees are often flagged or weatherbeaten into grotesque shapes, bearing 
tr ib u te  to the harsh conditions they endure.
Heavy snows, steep slopes, and sparse vegetation provide favorable 
conditions for avalanches. Several locations on Sliderock Mountain 
appear to be seasonally active. The largest avalanche shoot runs for 
2,000 vertica l fee t down the northwest slope of Sliderock Mountain.
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CHAPTER IV 
LAND-USE ANALYSIS OF LANDFORM TYPES
Introduction
Throughout Montana, population and economic growth have placed 
increasing demands upon mountain lands. Within the study area, second 
home development, road construction, timber harvest, and mining have 
spread into fra g ile  or potentia lly  hazardous areas. In some cases, 
in tens ified  land-use pressure has caused soil erosion, habitat 
destruction, and other forms of environmental degradation which decrease 
natural resource productivity.
Throughout this section, landform types w il l  be analyzed to de­
termine th e ir  compatibility with a varie ty  of land uses. Attempts w il l  
be made to show how the physical properties of each landform type a ffec t  
that landform's a b i l i t y  to produce resource commodities such as water, 
timber, w i ld l i fe ,  and recreational opportunities. In addition, physical 
properties place lim ita tions on the type and intensity of use each 
landform can absorb without damaging i ts  v ita l  ecological functions.
To minimize environmental deterioration , sustained use of each landform 
type must be balanced to the capability  of i ts  resource base.
47
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The land-use recommendations contained In th is section are 
simply Intended as an aid fo r land-use planners. The conclusions In 
th is chapter should not be considered as a comprehensive plan fo r the 
study area, since socia l, economic and many other Important factors 
were not evaluated.
A lluv ia l Bottomlands 
Wet Bottomlands
Since Wet Bottomlands provide essential habitat fo r a great 
d ivers ity  of animals, w i ld l i fe  values deserve special consideration In 
land-use planning. Most forms of development on th is landform would 
be subject to flooding and produce a negative Impact on water q ua lity .  
Road construction requires o f f -s l te  f i l l  and engineering design to 
assure proper drainage. The high water table precludes the use of 
privies or leach f ie ld s  as e ffec tive  methods of sewage disposal.
Dry Bottomlands
The Dry Bottomlands present few physical lim itations to develop­
ment. Stream terraces and a l lu v ia l  fans have potential for grazing, 
gardening, recreation, timber harvest, and second home development.
The major planning task w il l  be to minimize conflicts  between land uses
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The location of many second homes shows l i t t l e  regard for po­
te n t ia l ly  hazardous physical processes a t work in th is landform.
Several homes are b u i l t  on the floodplain, one of which spans the 
creek. Flood danger is enhanced by private bridges and culverts which 
are incapable of handling peak flows. During May of 1975, Brewster 
Creek swelled to flood stage following a week of unusually warm weather. 
A cu lvert, blocked by floa ting  debris, forced the stream to leave i ts  
channel resulting in severe soil erosion and creek s i l ta io n . One 
cabin received heavy damage and another was nearly washed away. I f  
cold weather had not arrived when i t  d id, considerably more damage might 
have occurred. In addition to floodplain s ite s , some cabins are b u i l t  
beneath steep c l i f f s  where large boulders may f a l l .  Others, b u i l t  on 
a llu v ia l  fans, are dangerously located in the event of a large flash  
flood.
Canyon Side Slopes 
Breakland Side Slopes
Steep slopes, shallow s o ils , and other physical constraints of 
th is landform d ictate that land uses should be confined to those which 
occur naturally . Road construction or the extraction of talus fo r f i l l  
would severely destab ilize  oversteepened slopes. Destabilized talus 
changes color resulting in lasting visual scars which may extend uphill 
for many hundreds of fee t.
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In i ts  natural sta te , rugged breakland topography is largely  
responsible for the unique scenic beauty of the Rock Creek Canyon.
This landform is a good water producer, and provides important habitat 
fo r  birds of prey and small mammals. Breaklands would o ffe r  escape 
shelter to big horn sheep, should populations ever be restored to this  
area.
Uniform Side Slopes
Wallace Limestone. Sparse drainage density and subdued topog­
raphy of the Wallace Limestone side slopes make inexpensive road con­
struction possible; however, impervious interbeds of quartz ite  and 
a r g i l l i t e  greatly increase the p oss ib il ity  of slumping, especially where 
beds are dipping down slope. Timber productivity is moderate, with 
natural regeneration problems l ik e ly  on south aspects. Soil texture 
and proximity of this landform to perennial streams increase the risk  
of s i l ta t io n  from logging operations. The layout, type, and size of 
timber harvests should be designed to protect water shed values. Recent 
large clearcuts, one of which covered an entire  f i r s t  order drainage 
with l i t t l e  or no buffer s tr ip  to protect the North Fork, have 
accelerated erosion by rainsplash and surface runoff. Dense forests 
of the North Fork are extensively used by deer and elk as protective  
cover during hunting season.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
Missoula Group. Aspect and slope are two important considerations 
fo r  land-use planning of the Missoula Group side slopes. South aspects 
produce abundant forage for big game during a l l  seasons, with slopes 
below 5,000 fee t serving as c r i t ic a l  winter range. These same slopes 
are poor timber sites due to frequent summer drought conditions. I f  
steep areas are avoided, south-facing slopes are stable and easily  
roaded, but revegetation following mechanical disturbance would be slow. 
South slopes provide hikers with the easiest route to the ridgetops, 
while high meadows provide favorable topography for cross-country 
sk iers .
On north aspects, Missoula Group side slopes show potential for  
timber production; however, steep slopes and rugged terra in  make road 
building expensive and es the tica lly  undesirable for most locations.
North aspects are good water producers and provide summer browse for  
big game.
Rounded Ridges
Rounded Ridges are the natural path of least resistance for high 
elevation roads and t r a i l s .  Ridgetops are extensively used by deer 
and elk as migration routes between th e ir  summer and winter ranges. 
Although access is d i f f i c u l t .  Rounded Ridges provide su ff ic ien t snow, 
suitable te rra in ,  and scenic vistas fo r cross-country skiers. Summer 
hiking opportunities are lim ited by the lack of t r a i ls  and available  
drinking water.
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Although tree growth is slower than in bottomland areas, the 
Rounded Ridges are good sites for harvesting timber with minimal adverse 
impact. Moisture stress and competition with grasses could l im it  
natural regeneration success on south aspects. Ridgetops present few 
major problems for road construction, except where deep ash mantles 
are encountered. These clay-rich  soils are erosive and slippery when 
wet. O ff s ite  f i l l  and road surfacing may be needed to eliminate these 
conditions. Many people use existing roads to gain vehicular access 
to hunting grounds. Travel opportunities are seasonally limited on 
ridgetop roads due to la te  lying snow and heavy winter deadfall.
Nivational Highlands
Harsh climate, steep slopes, and rocky soils d ictate  that th is land­
form should be subject to land-use restr ic t io n s . The Nivational Highlands 
are the most important water producer in the study area. Sparse vege­
ta tion  coverage, which minimizes water loss by interception and trans­
p ira tio n , assures that most incoming precipitation w il l  be stored as 
ground water or enter streams. Deep la te -ly in g  snow d r if ts  provide water 
in late summer when i t  is most needed.
P len tifu l snow and open terra in  make the Nivational Highlands an 
a ttra c tiv e  area for winter recreational use. However, users should 
avoid avalanche areas on the northwest slopes of Sliderock Mountain.
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In summer, this landform harbors an operational f i r e  lookout and offers  
an outstanding panoramic view to many v is ito rs  as w ell.
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SUMMARY AND CONCLUSIONS
Lack of re lia b le  resource Information is one reason why land- 
use planning has not been e ffec tive  in the Northern Rocky Mountains. 
This study was in it ia te d  to help solve this problem by developing a 
quick, e ffe c tive  method of resource inventory and analysis fo r land- 
use planning in mountainous areas. Air-photo interpretation was used 
as the principle means of collecting biophysical and cultural data for  
an eighteen square mile study area. To define i ts  u t i l i t y  for planning 
purposes, this information was placed within a Land Systems Hierarchy 
and mapped a t a predetermined scale.
As the study progressed, ways in which aeria l photographs save 
time and money in the inventory process became apparent. The use of 
aeria l photographs eliminated restric tions imposed by climate and 
in access ib ility , and provided the necessary f l e x ib i l i t y  to make rapid 
changes in procedure or c la ss if ica tio n . The aeria l perspective allowed 
recognition and analysis of many features that were not detected from 
the ground, and provided a broad view with greater overall continuity  
of information. Careful photographic planning and execution of f ie ld  
tr ips  made s ign ificant reductions in the amount of time and energy
54
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required to complete th is portion of the study.
When resource information is obtained from aeria l photographs, 
the in terpre ter is usually provided with an opportunity to verify  the 
accuracy of existing data. An example of this occurred during photo­
examination of the North Fork of Brewster Creek. A geologic map showed 
that the en tire  Brewster Creek drainage was composed of Missoula Group 
bedrock.^ However, preliminary stereo observation revealed the upper 
North Fork to have a unique set of terra in  features. The drainage 
density of the upper North Fork was lower and displayed more rectangular 
patterns than those in other parts of Brewster Creek. In addition, the 
Rounded Ridge landform was better developed, slopes more heavily forested, 
and Breaklands characteris tic  of the Missoula Group were absent. Thus, 
a hypothesis was formed that a change in geology had occurred here. 
Subsequent f ie ld  examination confirmed this theory and revealed the 
bedrock of the upper North Fork to be Wallace Limestone.
To gather resource information fo r the Brewster Creek drainage, a 
varie ty  of photographic types and scales were used. The detection of 
certa in  land features was often accomplished more easily with one type 
of imagery than another. A subjective evaluation of these differences 
has been summarized in tabular form (Table 3 ) .  Black and white photo­
graphy, which proved superior in delineating landforms and coverage 
classes, was less valuable in detecting other resource factors. Color
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Table 3. Land Feature Detection Characteristics o f Three Types of 
Aerial Photography
Land Feature
Ease
Black & White 
(1:63,360)
of Detection
Color
(1:12,000)
Color infrared  
(1:125,000)
GEOLOGY
rock type good f a i r good
fau lts  and lineaments good f a i r superior
LAND CHARACTERISTICS
landforms superior fa i r good
c l i f f s f a i r superior good
talus slopes fa i r superior good
rocky shallow soils f a i r good superior
avalanche shoots good good good
seeps and springs poor good superior
floodplains f a i r good superior
VEGETATION
crown coverage superior f a i r good
forest type f a i r superior good
CULTURAL FEATURES
dwel1i ngs fa i r good good
soil disturbances good good superior
photography was best for identify ing c l i f f s ,  talus slopes, and conifer  
forest types. Natural colors fa c i l i ta te d  the recognition and in te r­
pretation of many fa m ilia r  objects. Yellow-green lodgepole pine forests 
were easily  separated from dark green Douglas-fir and blue-green subalpine 
f i r  forests. In many cases, outcrops, ta lus , and stony soils of the
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Missoula Group could be iden tif ied  by th e ir  characteristic  maroon 
or gray-green color.
Small-scale color infrared photographs provided superior de­
tection of many te rra in  features. High spectral reflectance of broad- 
le a f  fo liage  in the infrared region c learly  separated phreatophyte 
from coniferous vegetation. This d istinction was used to delineate 
Wet Bottomlands and other moist areas. In addition, false colors 
enhanced the detection of shallow rocky soils and many cultural 
features.
The study of complete drainage basins has several advantages fo r  
resource inventories. In most cases resource factors tend to be more 
homogeneous within small watersheds. Natural boundaries, such as 
stream channels and drainage divides, are readily id en tif ied  on aerial 
photographs and f a c i l i t a t e  the delineation of landform units. This 
approach provides a suitable framework for hydrologie analysis, and 
sim plifies the evaluation of water quality  problems which stem from 
the u t i l iz a t io n  of land-based resources.
Several changes would be necessary i f  the Brewster Creek inventory 
procedure were adopted fo r use by government agencies or private firms.
Few individuals possess the broad in te rd isc ip linary  background required 
to perform an integrated resource inventory alone. The combined 
expertise of a team of specialists would provide more detailed information.
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In addition to a photo-interpreter, this team should include a 
geomorphologist, plant ecologist, and soil sc ien tis t.  Team members 
must travel and work closely together in the f ie ld  to reach an overall 
understanding of landscape evolution and terra in  interre lationships.
In the Brewster Creek procedure, transfer of photo-based resource 
overlays to a planimetric base-map consumed considerable time and 
diminished accuracy. To eliminate these problems, orthophotographs at 
quadrangle sheet scale should be used as the photo base. Then resource 
overlays could be interchangeably used with e ith er a photo or quadrangle 
sheet base.
The integrated approach to resource inventory used in this study 
has d is t in c t  advantages over other commonly used methods. By collecting  
biophysical and cultural data simultaneously, the costly duplication  
of e f fo r t  resulting from separate resource inventories is avoided.
The data which integrated studies produce are more re lia b le  than data 
compiled from several specialized inventories performed at d iffe ren t  
times, scales, and levels o f generalization. Through m ulti-facto r  
analysis, integrated inventories are more l ik e ly  to uncover and enhance 
the understanding of complex resource in terre lationships.
This study employed a hierarchical system of land c lass ifica tion  
which assembles resource information according to scale. This method 
of organization enables planners to select the most appropriate level 
of data in solving a wide range of planning problems. Since the
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delineation of hierarchical units in the Northern Rockies has not 
been completed, considerable s c ie n t if ic  research and debate w il l  be 
needed to accomplish th is  task. Once an acceptable system has been 
agreed upon, resource information could be assembled fo r upper levels  
in a short period of time. This data would serve as a foundation for  
progressively more detailed lower level resource inventories.
The technique of photointerpretive extrapolation could be used to 
speed up data collection fo r inaccessible mountainous areas. To 
assemble lower level data for the vast Sapphire Block subsection, 
small representative drainages with good access, such as Brewster Creek, 
could be intensively studied. These drainages must be carefully  
chosen so that the fu l l  subsectional range of landform, bedrock, and 
vegetation types would be encountered. Once landform types and other 
resource factors had been mapped and described fo r these sample areas, 
photointerpretation would be used to extrapolate these findings to 
remote areas with s im ilar landform types. A minimum of selective f ie ld  
checking would be needed to verify  the accuracy of extrapolated resource 
data.
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Footnotes
^Clyde P. Ross, The Belt Series in Montana, Geological Survey 
Professional Paper 346, (Washington, D.C.: Government Printing  
O ffic e , 1963), geologic map.
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